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Fynbos biome, environmental sustainability, Mediterranean-type ecosystem, IPBES Conceptual Framework FUNDING: None We conducted a survey among people working in the nature conservation community in an implementation, research or policy capacity to identify research questions that they felt were important for ensuring the conservation of the Cape Floristic Region. Following an inductive process, 361 submitted questions were narrowed to 34 questions in seven themes: (1) effective conservation management; (2) detecting and understanding change: monitoring, indicators and thresholds; (3) improving governance and action for effective conservation; (4) making the case that biodiversity supports critical ecosystem services; (5) making biodiversity a shared concern; (6) securing sustainable funding for biodiversity conservation; and (7) prioritising research. The final questions were evaluated against the Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services Conceptual Framework to test whether the questions addressed elements identified by this Framework as those essential to ensure that conservation contributes to a positive future for the Cape Floristic Region. We found that all elements in this Framework received attention from the collective group of questions. This finding suggests that the conservation community we approached recognises implicitly that research in multiple disciplines as well as interdisciplinary approaches are required to address societal, governance and biological issues in a changing environment in order to secure the conservation of the Cape Floristic Region. Because the majority of people responding to this survey had a background in the natural sciences, a challenge to tackling some of the questions lies in developing integrative approaches that will accommodate different disciplines and their epistemologies.
Significance:
•
We present a hierarchical compendium of research questions to generate the knowledge required to conserve the Cape Floristic Region as a social-ecological system.
•
The conservation community of the Cape Floristic Region collectively recognises that effective conservation management needs to be supported by knowledge of ecosystems, factors that impact them and context appropriate conservation approaches. In addition, knowledge to develop effective governance and institutions, sustainable funding and broader societal participation in conservation are also identified.
Introduction
Globally, initiatives such as the Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services (IPBES) and the Sustainable Development Goals (SDGs) emphasise the need for wise management of the natural environment, because its decline will impact human well-being and ultimately our future on this planet. Similarly, the World Economic Forum has increasingly highlighted environmental risks as threatening ecosystem services. 1 Environmental pressures with global or local impact are threatening systems such as the Cape Floristic Region (CFR), a globally unique biodiversity hotspot and conservation priority. 2 Effective conservation of natural systems and countering of anthropogenic drivers of change that threaten the environment, biodiversity and ecosystem services requires guidance from well-grounded research. Conservation research, in turn, needs to be prioritised by stakeholders more broadly than the research community alone. 3 Several features set the CFR apart from other globally important conservation areas. The dominant vegetation is a shrubland, generally on low nutrient soils, in a winter rainfall regime, with 68% of the over 9000 plant species present endemic to this region. 4 Stochastic fire cycles drive many processes from evolution to biotic interactions. 5 Hence, many environmental mitigation schemes promulgated at global levels (e.g. the Bonn Challenge's forest-themed restoration) may be unsuitable in this unique ecosystem.
In this study, which formed part of a larger study to identify research priorities for global Mediterranean-type ecosystems 26 , we adapted the approach of Sutherland et al. 3, 6 by canvassing widely in relevant communities for their research priorities for conservation. Although ours is not the first attempt to collate conservation research priorities in the CFR, it differs from Steyn et al.'s 7 in that it was not developed as a funding strategy for biophysical conservation research nor as an expert review of research directions. 8 We present a summary of the conservation research questions provided by the community of practitioners and scholars in public and private sectors in the CFR and evaluate their research questions within local and global contexts.
The questions address conservation of biodiversity, which is recognised as underpinning many of the SDGs directly or indirectly. We wanted to know whether the questions related to the CFR are reflective of the kind of knowledge required by current global initiatives, such as the SDGs, to ensure an environmentally sustainable and societally equitable future, by assessing how many elements and linkages these questions addressed in the IPBES Conceptual Framework for connecting people and nature. 9
Identifying stakeholders and soliciting questions
Following ethical clearance from Stellenbosch University for working with human subjects (SU-HDS-000323), the questionnaire (Data set 1) 10 , in the form of an online Google Form, was distributed by email to people associated with conservation in the CFR through implementation or research. Each recipient was asked to provide up to 10 questions which, if answered, would, in their opinion, have a high probability of increasing the success of actions targeted at the conservation of biological diversity in the CFR. We did not explicitly request, nor prohibit, the sharing of the email, so some respondents may have been additional to our distribution list (see below). Respondents submitted their questions anonymously online, and responded to additional questions aimed to solicit a profile of educational, work and sector characteristics of respondents (Data set 2 10 ). Respondents received at least one reminder by email.
The broader CFR conservation community is small and well networked. 11 We selected potential respondents on the basis of key sectors in conservation and key people within these sectors or organisations (decision-makers, public and private conservation practitioners, and researchers working at government policy, conservation or research agencies, non-governmental organisations, consultancies and universities). Generally, these were people that we knew personally, had met at meetings, who held relevant positions in key organisations, or who had attended the annual Fynbos Forum (a conservation research, practice and policy conference) in the last five years. Our biases were towards people who had worked in conservationrelated fields (i.e. not students). We had difficulty identifying people in the business world associated with conservation (e.g. those involved in environmental responsibility programmes) and recognise this as a gap.
Processing responses
While respondents were asked to assign their questions to predetermined categories for the global project (a deductive approach), we chose to derive the summary questions for the CFR following an inductive approach, clustering the submitted questions until generalised themes emerged.
All three authors jointly reduced the original 361 questions (362 after splitting compound questions and eliminating submissions that could not be turned into questions)(Data set 3) 10 to 34 summarised questions and clustered these into seven themes. We then revisited the original questions and extracted more specific questions (126) which added further context to the summarised questions.
We chose this approach over that taken by Sutherland et al. 3, 6 because we felt that it captured the array of questions and topics posed by respondents more fully than an elimination of questions to select 100 original questions favoured by a committee.
We concede that there are opportunities for bias in whichever approach is taken, but in our approach with fewer original questions to manage, it was possible to better preserve the intentions of the original questions. Our approach also allowed us to include the essence of poorly articulated questions on an equal footing to grammatically well-constructed and scientifically nuanced questions, as we wanted to provide a platform for a broad cross-section of active participants in different spheres of conservation irrespective of their written English fluency. We were also able to explore poorly constructed questions which yielded yes/no type answers for their underlying research requirements.
We assessed the conservation scope of the questions to provide an additional verification that the clustering process correctly emphasised general themes and topics of the submitted questions in terms of what aspects of conservation they addressed. This was done by counting how many times words (or the core of words e.g. implement or implementation) or terms appeared in the submitted questions. These terms were clustered into topics (Data set 4). 10 Finallly, we assessed each of the final 34 questions against the IPBES Framework 9 to see which elements and linkages of the IPBES Framework it addressed. For example, for the question 'How effective are restoration interventions in restoring biodiversity and ecosystem function?', restoration is seen as falling into the element 'Direct drivers' that, if successful, will influence 'Nature' which in turn affects processes that influence 'Nature's benefits to people'. We scored how many times the elements and linkages were addressed by the 34 summary questions.
Results

Respondent profile
We sent the questionnaire to 176 people (114 men, 62 women) and 53 (30%) responded (26 men, 23 women and 4 undisclosed)(Data set 2). 10 Respondents provided, on average, 6.8 questions each for a total of 361 individual questions. Of those who responded, 17 were employed in research, 16 in government conservation entities, 10 in environmental non-governmental organisations, 7 were consultants, and the balance of 3 were in other employment. From the original pool of solicited people, researchers were less likely to respond (24% responded) than people in government conservation entities, environmental non-governmental organisations or consultants (average response rate 35%). The average age of respondents was 45 years (range 29-63 years), average years of experience in broad conservation was 16.8 years (range 1-39 years) and average length of employment in their current capacity was 9.4 years (range 2 months to 35 years). In terms of qualifications, 22 held doctoral degrees, 19 master's, 5 honours, 1 bachelor's, and 2 post-school diplomas (4 were undisclosed). The majority of respondents had studied the biological (n=24) or conservation (n=13) or environmental (n=5) sciences. Among this group, eight were from other disciplines: two each from the humanities and education, while horticulture, agriculture, business management and energy studies had single representatives and three did not disclose their studies.
Conservation perspectives were evenly distributed across plants, animals and society; the scale most focused on was landscape or ecosystem ( Figure 1 ).
Figure 1:
Respondents were asked at what ecological scale (black bars) they focused their efforts and whether this focus was predominantly on plants, animals or society (grey bars). Respondents (n=53) could choose more than one focus area in each category.
The synthesised questions
We developed a hierarchical classification of the 34 summary questions under seven themes (Table 1 ). Further elaboration of the themes and derived questions was provided by 126 sub-questions. This structure provides a means of directing people to the area of their interest and a more accessible way of presenting research questions, thus allowing readers to more readily identify their areas of interest and proceed from the more general to the specific depending on their objectives.
Research Article https://doi.org/10.17159/sajs.2019/5889 Table 1 :
Research questions were arrived at through an inductive analysis of 361 questions submitted by members of the broader Cape Floristic Region (CFR) conservation community (Data set 3 10 ). Main questions are organised under themes and further clarification is provided in the right-hand column where relevant. The number of original questions from respondents contributing to a theme or research question is indicated in brackets. What are different optimal fire return intervals for different vegetation units?
What are the thresholds of potential concern for vegetation fires in terms of return interval and spatial cover? What role can fire play in restoration, especially integrated into alien plant clearing? How does one manage wildfire at the urban interface?
A12. Are there effective ex-situ approaches to species conservation outside their natural habitat? What indicators are robust for detecting thresholds of potential concern or vulnerability timeously for remedial action to be implemented? How do we build public support for funding restoration and protection of ecosystem service? How much will mismanagement of ecosystem services cost? How do we assess the contribution of biodiversity to ecosystem services? How do we make the case for future savings through current investment in ecosystem services?
F2. What effective mechanisms can be used to fund conservation organisations?
(8 original questions)
How can we counter approaches that require self-funding of conservation: e.g. ecotourism as the sole funder of conservation? What are the best public-private partnership models to attract investment in conservation? What additional value-adding skills can private sector stakeholders provide? What skills and resources would improve financial management of conservation? What impact will global change have on current revenue gaining activities e.g. ecotourism?
F3. How can we improve the benefits to livelihoods of investments in protected areas and biodiversity conservation?
(4 original questions)
How can using a social ecological systems thinking approach in conservation bring better benefits to people? How can conservation be achieved with other land-use options? How can the conservation and livelihood outcomes of public conservation orientated poverty-relief programmes be improved?
Theme G: Prioritising research (1 original question)
G1. How do we effectively communicate conservation research needs to ensure they are taken up by researchers?
(1 original question) 
The scope covered
An assessment of the words used by respondents in their questions shows a strong focus on the environment, its characterisation, properties and the processes that regulate them ( Table 2 , Data set 4). 10 Words associated with conservation action were also frequently mentioned. Primarily, the interest was focused on vegetation, with freshwater systems also predominant. The dominance of vegetation as the focus of conservation effort by the group submitting questions is emphasised by the fact that terms associated with various types of fauna were only mentioned 38 times, while terms associated with vegetation types were recorded 210 times. However, the focus was not exclusively on biodiversity as terms associated with the human dimension and covering social, economic or governance aspects were mentioned 354 times ( Table 2 ). Terms associated with tracking change and monitoring impact of interventions (monitoring and assessment in Table 2 ) were mentioned 139 times. Direct drivers of change were mentioned predominantly in the context of land use (both urban and agricultural), followed by invasive species and climate change. 
Topics
Number of times terms associated with topics are mentioned
Biodiversity conservation
Ecosystem properties and processes 756
Conservation action 488
Vegetation 210
Monitoring and assessment 139
Freshwater systems 77
Animals 38
Soil systems 27
Marine 3
Human dimensions
People, their conservation values and behaviour 142
Economic considerations 125
Governance considerations 87
Drivers of change
Land use 135
Invasive species 48
Climate change 39
Meeting current global environmental challenges
An assessment of how reflective the 34 CFR conservation research questions (Table 1) are of the elements and pathways in the IPBES Conceptual Framework is depicted in Figure 2 . There are strong emphases on how direct drivers affect nature; how nature provides benefits to people and how this affects quality of life. Many questions also emphasised the role of institutions and governance. Red numbers indicate the number of questions addressing an element and the purple italic numbers indicate the number of questions addressing the linkages. One question may address more than one element or linkage. The IPBES Framework is redrawn from Diaz et al. 9 where further explanations of the elements and linkages are described.
Discussion
We are fortunate to have documentation of early efforts to prioritise conservation research in the CFR. 8, 12 The first on formal record was concerned with diminishing streamflow in the 1930s. 13 In response, the Jonkershoek Small Catchment Experiments were established to understand the effect of fynbos versus plantation pines on water delivery. 13 In the current study, questions associated with the management of freshwater systems and control of invasive alien species remain high priorities.
In 1945, Wicht and other prominent biologists under the auspices of the Royal Society of South Africa investigated the causes of the 'degradation' of Cape vegetation. 12 Enduring themes from that period and that remain of concern today are fire management, catchment hydrology, invasive alien species and land-use conversion. Issues that have receded as conservation priorities are grazing management and soil erosion. 14 However, an emerging concern is the impact of stocking natural areas with wild herbivores, many extralimital. Conservation for the sake of providing recreational and educational opportunities for city dwellers was touched on in the Wicht report, 12 but the need for research on these topics and on urban ecology is more recent. Governance, institutional arrangements and interactions between wider society and conservation practitioners are more urgent in the current era, reflecting the nexus between conservation and the broader society that informs the SDGs and IPBES.
A further assessment of research needs and funding priorities for the CFR identified six themes. 7 5 While in respect of invasive alien species, South African research is largely focused on ecological processes and impacts, with social and applied research under-represented. 15 The use of words and terms in our respondents' questions suggests independently that the derived questions reflected the intentions of the original questions. Vocabulary focused on understanding ecosystems and transferring this knowledge into conservation action, while recognising that governance, institutions and wider society are important elements. One lone, but somewhat relevant question in Theme G, is how researchers might be encouraged to pursue conservation relevant research. This question is pertinent because the majority of questions we solicited came from people working broadly in conservation implementation and not from researchers. Thus the research agenda is driven mainly by conservation practitioners and policymakers. Moreover, many of the questions require research in the social sciences and humanities and these groups were poorly represented among our respondents. The challenge of integrating social sciences and humanities effectively in conservation research, and not merely delegating them to service provision roles, is well recognised. [16] [17] [18] There is general congruence between Sutherland et al's. 3 The shrublands of the CFR have the highest number of threatened ecosystems 19 and the highest density of taxa of conservation concern in South Africa 20 . Soils are of very low organic content and wildfire regularly destroys above-ground biomass as an intrinsic process that sustains fynbos; so this system is unlikely to support ecosystem-based carbon capture projects to mitigate climate change. This highlights the need for locally relevant approaches to manage biodiversity in shrublands even when they run counter to the global focus on forestation as a mechanism for capturing carbon. Global conservation topics that are also not germane to the CFR are nanotechnology, GMOs and climate change associated animal vectors.
In contrast to the global questions, 3 the CFR questions more frequently dealt with the nuances of governance and human values, perceptions and behaviour associated with conservation (and how these can be influenced). These are probably best addressed at the local level and reflect heightened awareness for research on these topics as a consequence of initiatives such as the Cape Action Plan for People and the Environment (C.A.P.E.). 21 The IPBES Conceptual Framework 9 also strongly emphasises the interlinkages between these components, suggesting the local questions reflect concerns that are globally recognised as important for biodiversity conservation.
Historically, concern by the public for conservation in the CFR was vested in resources such as game and wildflowers that wealthy or propertied people wanted to protect from the competing demands made by poor people for livelihood support. 22 In the modern era, understanding the social context of conservation, and of using conservation to provide pathways out of poverty is pronounced. While acknowledging the interdependence between people and the environment, as reflected in the IPBES Conceptual Framework, 9 some questions also addressed how development prerogatives for poverty alleviation could be met while ensuring a sustainable future. Similar questions have been raised around the SDGs. 23 The capacity of the current questions to populate most of the elements and major linkages of the IPBES Conceptual Framework 9 suggests that Cape Floristic Region conservation Page 7 of 8 our respondents are well aware that ensuring conservation of the CFR requires knowledge that includes people and their institutions as well as biodiversity. The alignment of the questions with the IPBES Conceptual Framework suggests that a large sector of the general conservation community in the CFR regard conservation in the context of global sustainability and connectedness to society, mirroring the role that conservation can play in attaining the SDGs. Despite this, the original questions overwhelmingly reflect a positivist approach of delivering evidence based on natural science methods of research, not surprising given the background of the majority of respondents in this study.
The CFR questions reflect that an interdisciplinary and intersectoral approach is called for that addresses dynamic social-ecological systems changing through time as a consequence of global and local pressures. The concept that biodiversity conservation is about pristine areas is also eroding with matters being raised around urban and production landscapes.
Our results are unlikely to be affected by low survey response rates or non-response bias. Sheehan 24 showed a decline in response rates to email solicited surveys from rates over 50% in the early days of email to an average response of 33% for the period 1996-2000. In this context, and given that there is a negative relationship between response rates and long surveys such as ours, 25 we consider our response rate of 30% (53 respondents) to be high. Variation in response rates by occupation was low, and researchers, who showed a slightly lower response rate, still made up the largest respondent group. We feel that our online approach made our survey accessible to a broader range of respondents from different sectors and the anonymity of respondents facilitated submissions on a broader range of topics than alternatives like workshopping.
We conclude that the questions provided by the conservation sector in the CFR show a willingness on the part of this community to work towards conservation in a societal context that will support, for example, the SDGs. However, we recognise that inclusion of multiple disciplinary and societal perspectives is missing from this analysis. Such a broadening of perspectives is likely to change the nature of the questions presented here as plurality of knowledge is brought to bear on this broadly natural science approach to conservation knowledge generation. [16] [17] [18] [19] 
